Abstract-as small waterplane area twin hull (SWATH) has excellent seakeeping performance and low wave resistance, this structure has been applied to unmanned surface vehicle (USV). However, with the increase of speed, fluid resistances will increase exponentially because of its large wet surface. A way to improve this situation is to reduce the depth of draft at high speed, so that all or a part of the volume of the submerged bodies is above the surface of water. Based on this idea, a new type of SWATH USV is designed in this paper. The two submerged bodies of the USV have a planing boat shape. At high speed, hydrodynamic lift force generated by the submerged bodies of the USV can push most part of the submerged bodies out of water, which can greatly reduce the resistance of the USV. In this paper, computational fluid dynamic (CFD) method is used to analyze the attitude and resistance of the USV at different speed, showing that the designed USV can achieve the expected movement characteristics and low resistance at high speed.
I. INTRODUCTION
SWATH ships have already been widely used in transportation, marine monitoring and other application areas. A SWATH vehicle usually consists of two submerged bodies located below free surface, one superstructure above free surface and struts connecting the submerged bodies and the superstructure. Because this kind of ship usually has smaller waterplane, they have better hydrodynamic characteristics than a conventional ship, including excellent seakeeping and good manipulation. These characteristics make SWATH ship a new kind of high performance ship with fast development [1] . As the wide decks of SWATH USVs are convenient to arrange all kinds of task loads, and the submerged bodies which draft deeply are suitable for acoustic equipments. Their excellent stability and seakeeping performance provide working environment for all kinds of acoustic, light, electricity loads. Much attention has been paid to this kind of ship, and various kinds of SWATH USVs are developed to carry out maritime monitoring, seabed mapping, and route tracking tasks. In some cases, they are used as communication repeaters [2] [3] [4] [5] .
In practical application, a USV should sail to work area at high speed. But in the operating area, low velocity is necessary for the vehicle to carry out tasks stably. As a result, high speed navigation and low speed operation become functional requirements for a USV. The excellent seakeeping performance and stability of SWATH USV can provide stable working environment for all kinds of carried sensors. However, with the increase of speed, fluid resistance will increase? exponentially because of the USV's large wet surface. A way to improve this situation is to reduce the depth of draft at high speed, so that all or a part of the volume of the submerged bodies will be on the surface of water. Therefore, a new type of SWATH USV is designed in this paper, with two planing boat shaped submerged bodies. At high speed, the hydrodynamic lift generated by the submerged bodies can push the submerged bodies out of water, which can greatly reduce the resistance.
CFD method is widely used in the study of hydrodynamic performance of ships or unmanned surface vehicles. Peng Qian studies seakeeping performance of a SWATH vehicle with inclined struts, with a numerical method of solving the RANS equations. And comparison with the laboratory tests validates the numerical simulations results [6] .Stefano Zaghi analyze the interference effects on high-speed catamarans with an unsteady RANS solver. Verification and validation of numerical results are made by comparing both the present and other experimental data [7] .
In this paper, the SWATH planing USV is introduced in detail. Its attitude and resistance at different speed are analyzed based on CFD method.
II. STRUCTURE OF THE SWATH PLANING USV
Like other SWATH USV, the SWATH USV designed in this paper also has two submerged bodies, struts and superstructure. However, unlike conventional SWATH ships, the submerged bodies of the USV designed in this paper are planning shaped, providing lift force for the vehicle. The submerged bodies and struts are main parts that impact hydrodynamic characteristics. The superstructure is not established. The basic structure of the proposed SWATH planing USV is shown in Fig. 1 , with the geometry parameters shown in Table 1 . In order to simulate heave and pitch motion, dynamic grid method is adopted.
B. Grid model and boundary conditions
In this paper, the model studied is symmetry. An analysis is made on the resistance and motion of the model when it sails at straight line. In order to improve computational efficiency and save computing resources, half of the USV model is used. Distances between the model and domain boundaries are sufficient to minimize the impacts of the boundaries on the calculation results. The whole fluid domain is dispersed with unstructured hexahedral mesh. Compared with unstructured tetrahedral meshes, quality of the grid has been greatly improved. Meshes of free surface and parts of the model are refinement. The thickness of the first layer of boundary layer is small enough so that the y+ is not more than 10 at the highest speed. In order to verify the influence of grid scale on calculation results, different grid models are used to verify the grid independence. Finally, the grid partition scheme is determined, as shown in Fig. 2 . The number of grid cells is about 2 million. In this paper, isis solver developed by NUMECA is used to solve the grid model. Unlike other CFD solver, isis solver requires that the boundary conditions applied to the computational model is not the relative movement ideas (velocity inlet of fluid), but directly apply sailing speeds to the hull. For the mesh model, in addition to a symmetric boundary, other boundaries are applied with external boundary conditions, as shown in Fig. 3 . Different navigation speeds are applied on the hull. Heave and pitch motion in longitudinal section are solved. 
C. Computation results
Via CFD calculation, pitch and heave changes of the model at different speed are shown in Fig. 4 and Fig. 5 . At the speed of 5~10 knots, pitch and heave are not obvious. It still navigated in a SWATH state. This state is suitable for performing tasks. At the beginning of 15 knots, the model appears the phenomenon of heaven caused by the hydrodynamic lift force generated by the submerged bodies.. With further increase of the speed, the hydrodynamic lift force increases obviously. Finally, the submerged bodies will expose to the surface of water. When the speed reaches 40 knots, the hydrodynamic lift force is large enough to support the weight of the vehicle, and the model is fully in sliding state. Fig. 6 . For all vehicles travelling on water surface, wave resistance is a large part of total resistances. Computational results of the SWATH planning USV show that changes of resistances within 15 knots are generally like conventional SWATH ship resistance characteristics. After appearance of a peak value, the resistance will drop, and then rise sequentially. This phenomenon is related to wave states between the front and back struts. When an interference of wave between the front and back struts is advantageous, the resistance is relatively small. On the contrary, the resistance will increase. In Fig. 6 , an advantageous interference is appeared at the speed of 10 knots. The resistance appears a minimum value. From 10 knots to 20 knots, wet surface area of the USV changes little. As the interference of wave between the front and back struts is serious, the resistance increases rapidly. When the speed is more than 20 knots, the submerged body is gradually exposed and the wet surface is reduced. Viscous resistance and pressure resistance are greatly reduced so that the total resistance of the model is reduced. CFD results indicate that the submerged bodies lift plays a major role to support weight of the USV at high speed, so that the USV can slide above surface of water, resulting in a great reduce in the total resistance. The above analysis results show that in order to meet the requirement of high speed navigating and low speed operation, the SWATH planning USV has certain feasibility.
V. FUTURE WORK
In order to verify the principle of navigation, a shrinkage ratio model will be made in future. Detail design of the model is shown in Fig. 7 . The model consists of batteries, electric governors, a remote control receiver, motors, transmission shafts and propellers. All components are commonly used on airplane or ship models. The hull of the model is to be manufactured by 3D printing method.
After completing model production, the shrinkage ratio model will be controlled to sail at different speed by remote control. The navigation principle will be verified. The calculation method and the shape of the hull will be improved then, making sure the SWATH planning USV can work stably at low speed and planning at high speed. 
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